DUAL MODE CONTROLLER BASED BOOST CONVERTER EMPLOYING SOFT SWITCHING TECHNIQUES

J. Velmurugan, '
Associate Professor, Dept. of EEE, PSNACET, Dindigul, India. vel_76@yahoo. co.in 
I. INTRODUCTION
Conventional ac-dcconverters are also called rectifiers. They are developed using diodes and thyristors to provide controlled and uncontrolled dc power with unidirectional and bidirectional power flow.
AC-DC converters have demerits such as poor power quality due to injected current harmonics, voltage distortions, poor power factor at input ac mains, slowly varying rippled dc output at load end and low efficiency. These converters have high switching frequency which results in high switching losses and increased electromagnetic interference [1] . To reduce the input current harmonics and to improve the power factor, a power factor correction converter is used with soft switching techniques. While converting AC to DC, the conventional diode rectifiers always produce large amounts of harmonic current. PFC can reduce the harmonics in the line current, increase the Jojina Anna Varghese, 2 PG Scholar, PSNACET, Dindigul, India. jo.sanjana@gmail.com efficiency and capacity of power system and reduce customer's utility bill.
The boost topology is mainly used to implement the power factor correction converter. It can produce a high output voltage from a low input voltage. There are two main methods of power factor correction converter: -Active method and Passive method [2] . The passive method in which an inductor is added at the dc side of the diode bridge is the most commonly used one.An active snubber circuit is added to the output stage of the boost converter to reduce the recovery losses and to provide the soft switching conditions to the switches [4] . Hard switching results in high switching frequency operation due to which switching losses increases. Whereas soft switching results in less switching losses, high power density,high reliability and efficiency. The snubber circuit provides ZVT turn ON and ZCT turn OFF together for the main switch and ZCS turn ON and turn OFF for auxiliary switch without increasing the cost and complexity of the converter. Thus there will be no voltage stresses or current stresses on the main switch. But there is a current stress on the auxiliary switch which can be decreased by diverting a part of the current to the output side with a coupling inductance [5] . A dual mode controller can be used instead of PWM. The dual mode control scheme combines both continuous conduction mode(CCM) and critical conduction mode(CRM) modes. It provides a simple control and high output power. It requires no additional space and cost. This scheme is used in PC applications and can be easily implemented in ICs.
The proposed paper implements a single phase soft-switching power factor correction converter which is developed with an active snubber cell and dual mode controller. The aim is to achieve high efficiency and improve the power factor in a light-load condition. The bock diagram of pfc implementing an active snubber cell is shown in Figure 1 .
II. BRIEF DESCRIPTION OF POWER FACTOR CORRECTION CONVERTER
A low power factor reduces the power available from the utility grid while a high harmonic distortion of the line current causes EMI problems and cross interferences. So it is necessary to use a PFC. The three basic power converters used are buck, boost and buck boost. The buck converter has discontinuous input current and would lose control when input voltage is lower than the output voltage. The boost converter and buck-boost (flyback) converter are both suitable for PFC. The buck-boost converter can achieve average input line current but it has higher voltage and current stress, so it is usually used for low power applications. The boost converter is the most suitable for use in implementing PFC [6] . It is widely used for its smaller EMI filter and low voltage stress. The boost inductor is connected in series with the line input terminal, therefore the inductor will achieve smaller current ripple.
The power factor correction converter has two main topologies:- The passive method of PFC is shown in Figure 2 , where the inductor is placed at the dc side of the bridge rectifier. An ideal PFC should emulate a resistor on the supply side while maintaining a fairly regulated output voltage. The output of the diode bridge is connected to a boost converter. The main aim of the PFC is to eliminate the harmonics [7] . The dc side consists of second and fourth harmonics. Whereas the ac side contains third harmonics. To eliminate the third harmonics, firstly the second and fourth harmonics at the dc side must be eliminated. So a snubber circuit is used to provide the soft switching techniques so as to reduce the harmonics. This increases the efficiency and capacity of the power systems. The output capacitor absorbs the input power pulsation. This capacitor is also an efficient energy storage element.
III. POWER FACTOR CORRECTION CONVERTER USING SS TECHNIQUES
The snubber cell provides the soft switching(SS) conditions to the switches in a PFC.The circuit diagram of a PFC implementing an active snubber cell is shown in Figure. 3. The main power circuit consists of a diode bridge, main boost switch S., boost inductor LF, the boost main diode DF, Cs the sum of the parasitic capacitors of the main switch and the main diode, and the output capacitor Co. The auxiliary/snubber circuit consists of the snubber inductances LRI and LR2, the coupling inductance Lo" snubber capacitor CR, auxiliary switch S2 and auxiliary diodes D" D2, D3 and D4• Vi is the input dc voltage, Vo is the output voltage. The output is the R-load.The diode bridge rectifies the variable input AC source voltage (50 Hz) into an uncontrolled DC voltage. The boost converter converts the uncontrolled dc into a controlled dc voltage. The output capacitor Co filters the second harmonic current and prevents its appearing at the load. The main inductor LF is connected serially to the main switch to slow down the rise in current when the switch is turned ON. D2 is placed serially to the auxiliary switch to prevent extra current stress for the main switch. The main switch SI is turned ON by ZVTand turned OFF by ZCT. The auxiliary switch S2 is turned ON and OFF with ZCS.
The snubber cell provides the soft switching techniques and it can be achieved by satisfying following conditions [6] .
ZVT turn ON a/the main switch
Auxiliary switch is turned ON before turning ON the main switch. The parasitic capacitor of the main switch should be discharged completely, thus initiating a resonant process [9] - [11] . Thus the main switch's antiparallel diode is turned ON. The resonant process creates ZVS conditions for the main switch to tum ON. The auxiliary switch is turned ON before the main switch is to be turned OFF and diverts the current away from the main switch. A resonant process is initiated and it provides the ZCS condition for the main switch to turn OFF. The auxiliary circuit is ON only for a short duration of time and is deactivated quickly after the main switch is turned OFF [12] .
ZCS turn ON a/the auxiliary switch
The auxiliary circuit is activated only during the main switch transitions and so it is only for a small time duringthe switching cycle. This limits the auxiliary circuit losses [13] . The auxiliary switch is turned ON with ZCS because coupling inductance limits the current rise speed.
ZCS turn OFF 0/ the auxiliary switch
The auxiliary switch is turned OFF as soon as the main switch transitions are obtained. When the control signal of the auxiliary switch is cut off. Thus the auxiliary switch is turned OFF with ZCS [14] - [16] .
IV.PFC DUAL MODE CONTROLLER
A dual mode controller is used to control the PFC at light load conditions. The PWM controller works at continuous conduction mode(CCM). But it provides recovery losses on the boost diode. At critical conduction mode(CRM), the reverse recovery losses are eliminated, thus reducing switching losses to obtain a high efficiency. But at CRM there are demerit such as high conduction losses due to which the efficiency becomes poor.
A diode rectifier effects the ac/dc conversion while the controller operates the switch in such a way to properly shape the input current i g according to its reference. The dual mode controller combines both CCM and CRM. It solves both the problems of recovery losses and conduction losses. It provide higher output power, higher efficiency in a light load condition and is fit for PC power application. The controller is composed of a CCM IC and a zero current detection(ZCD) circuit [8] . When the signal of ZCD changes from a negative to a positive level, it causes a zero hysteresis comparator and when ZCD changes from a positive to negative level, the output signal of a zero hysteresis comparator is maintained at zero level. The control objective is to force the input current to follow the current reference. As shown in the figure three signals are required to implement the control. These are the rectified input voltage, Yin, the inductor current lin and the dc capacitor voltage Vo.
The controller has two main tasks: -a) Provides the output a same shape as that of the input voltage. This task gives a unity power factor. b) Voltage regulation regulates the output voltage keeping the output voltage equal to 400V which is higher than the input voltage. 
V. EXPERIMENTAL RESULTS AND DISCUSSIONS
R A prototype of 300W and 100 kHz PFC converter is used. The PFC converter is obtained by adding ZVT-ZCT PWM active snubber circuit to the boost converter which is fed by universal input ac line. 200V ac is applied to the input of the converter. This voltage rectified to dc voltage the boost converter. This boost converter has the main switch. An active snubber circuit is used tp provide SS technique to the main switch. The auxiliary switch is included in the snubber circuit. The main switch operates at 100kHz. The auxiliary switch operates twice in one switching cycle of the main switch; so the auxiliary switch is operated at 200kHz. The main switch has ZVT turn ON and ZCT turn OFF whereas auxiliary switch has ZCS turn ON and turn OFF. ) shows the output of the dual mode controller at heavy load and light load conditions respectively. In heavy-load, the boost PFC converter is operated and the zero-current detector will be turned off immediately so that the controller will be operated in CCM. Therefore the input current is operated in continuous mode when the output load is in heavy load. As the output of the zero hysteresis comparator is maintained at a zero level, it disables the synchronous signal V pulse. On the contrary, the boost PFC is operated at critical conduction mode (CRM) when the output load is changed to light load. The signal V pulse will be enabled so that the switching frequency of the boost PFC is changed. (b)
Figure . The overall output for the proposed converter is shown as in Figure 6 . Fig 6(b) . It can be seen that S, is operated under SS for both turn ON and turn OFF processes. There are no overlap between voltage and current waveforms for the main switch, S,. There is no additional voltage stresses as shown in the voltage waveform. Fig 6( c) shows the voltage and current waveforms of the auxiliary switch, S2. The auxiliary switch is turned ON and OFF under ZCS conditions. The voltage and current waveforms of the snubber capacitor is shown in Fig 6(d) . when S2 is turned ON, the voltage across the snubber capacitor starts to increase and when the S2 is turned OFF, the voltage drops to zero. Fig 6(e) and (t) exhibits the voltage and current of LR, and LR2respectively. The main diode voltage and current waveforms are shown in Fig 6(g) .
The comparison of power factor for the existing and proposed system is explained as in Figure  7 . The main problem in the existing system is at the light load conditions. At 25W (light-load condition) load, the existing system has a power factor of about 0.92 but this value is increased in the proposed system by 0.97. At 75W the power factor of the existing system is 0.96 and it is increased above 0.98 in the proposed system. At 150W (medium-load condition), the power factor of 0.97 in the existing system is increased to 0. 99 in the proposed system. At 300W (high-load condition), both the existing and proposed systems have almost the same power factor, i.e., approximately equal to unity. In short, at no load the power factor of 92% in the existing system is increased to above 96% in the proposed system and at full load, the power factor is almost the same in both the cases. So the problem of low power factor at light load is resolved in the proposed system using a dual mode controller. Figure . 7 . PF plot -existing versus proposed scheme
VI. CONCLUSION
This paper presents a single phase power factor correction converter implementing an active snubber circuit and a dual mode controller. This new PFC is realized with a 200V ac input to provide a 400V dc output. This PFC consists of a main switch that is turned ON by ZVT and turned OFF by ZCT and an auxiliary switch that has ZCS tum ON and turn OFF. The active snubbercircuit provide soft switching to the main and auxiliary switches, thus eliminating the voltage and current stresses on the main switch. The voltage stresses on the auxiliary switch is also eliminated, but the current stresses exists which can be reduced by transferring these stresses to the output load by coupling inductance. The dual mode control method combines both CCM and CRM and it provides high power and efficiency at light-load conditions. The dual-mode controller of the boost PFC is particularly suitable for a fixed frequency boost PFC controller the dual mode control circuit is simple and easy to implement in the IC without much additional space and cost. The overall efficiency and optimum power factor is obtained at both light-load and heavy-load conditions.
